Background Post-malaria neurological syndrome (PMNS) is a rare self-limiting neurological complication that can occur after recovery from malaria, usually severe falciparum malaria. It is characterized by a myriad of neuropsychiatric manifestations including mild neurological deficit to severe encephalopathy. PMNS was first described in 1996 and since then there have been 48 cases reported in the English literature. We report another case of PMNS in a 24-year-old healthy male and present a review of the disease entity. Method We searched PMNS-related journal articles and case reports in the English literature, using PubMed and Google search engines. A total of forty-nine cases meeting the diagnostic criteria of PMNS were selected in this review. Conclusion PMNS is a rare complication of severe malaria that might be underreported. It can develop up to 2 months after clearance of parasitemia. Clinical features can be variable. Most cases are self-limited, but more severe cases may benefit from steroid therapy.
neurotropic bacteria, fungi and viruses was negative. CSF, blood, urine cultures and toxicology screening test were negative as well. CSF VDRL, Cryptococcal antigen and respiratory viral panel (RSV 2 ) were negative. Malaria smears were done on admission and the next day, and both were negative.
Chest X-ray, CT head and CT abdomen and thorax were unrevealing. Magnetic resonance imaging (MRI) of the brain revealed nonspecific focus of signal abnormality in the posterior limb of the right internal capsule without evidence of acute infarction in this region.
The patient was started on broad-spectrum antibiotics, acyclovir and Artemether-Lumefantrine, which were subsequently discontinued following negative laboratory results. A clinical diagnosis of PMNS was made and prednisone therapy was started at 1 mg/kg/day. His mentation began improving the next day, and steroids were tapered over 5 days with full recovery. Subsequent follow-up at 3 months revealed normal neurological examination.
Discussion
There are several neurological syndromes that can occur following complete recovery from malaria, in particular Plasmodium falciparum. These syndromes include PMNS, delayed cerebellar ataxia (DCA), acute inflammatory demyelinating polyneuropathy (AIDP) and acute disseminated encephalomyelitis (ADEM) [1] [2] [3] . PMNS shares many characteristics of ADEM; hence, some authors describe PMNS as a form of ADEM.
PMNS is a predominantly self-limited condition, which can occur following severe falciparum malaria, not necessarily cerebral [1, 3] . Schnorf et al. [4] classified the syndrome into three categories based on clinical severity: a mild form characterized by isolated cerebellar ataxia or postural tremor; a diffuse, relatively mild encephalopathic form, associated with acute confusion or seizures; and a severe encephalopathy typified by motor aphasia, generalized myoclonus, postural tremor, and cerebellar ataxia.
The incidence of PMNS in patients after falciparum malaria can range from 0.7 to 1.8 per 1000 and it is 300 times more common in patients with severe rather than uncomplicated malaria [1] . The diagnosis of PMNS requires both proven symptomatic malaria infection with full initial clinical recovery and clearance of parasitemia following treatment, and the development of neurological or psychiatric symptoms within 2 months of acute illness [1] .
We searched PMNS-related articles using PubMed and Google search engines and a total of forty nine cases, including our case, met the diagnostic criteria (Table 1) . 24 (49%) infections were contracted in Asia, 24 (49%) in Africa, and 1(2%) in the Dominican Republic. Although most cases of P. falciparum occur in Africa, our results appear to be skewed by the large Vietnamese study [1] . There were 36 males and 13 females with male:female ratio of around 2.76:1. All the cases were preceded by falciparum malaria except one, which had P. vivax, reported from India. PMNS occurred mostly in patients who had preceding severe falciparum malaria. The mean parasitemia was 19.4% for 22 cases in which it was quantified. The common clinical features were confusion (50%), fever (47.7%), seizure (31.8%), speech abnormalities (18.2%), tremor (18.2%), behavioral abnormities (16%), impaired consciousness (16%), myoclonus (11.3%), ataxia (11.3%) and headache (6.8%). Less common features were psychosis (6.8%), catatonia (4.5%), hallucinations (6.8%), weakness (4.5%), dizziness (4.5%), mydriasis (4.5%), nystagmus (2.2%), paraplegia (2.2%), and somnolence (2.2%). The median duration of onset of PMNS in Nguyen's study of 22 patients was 4 days; in 22 patients (out of 27 that these data were available for) the median duration was 14 days. However, the syndrome can occur anywhere from 0 to 60 days following clearance of parasitemia [1] . The median duration of symptoms was 13 days (range 3-25 days) excluding Nguyen's study; in his study, it was 2.5 days (range 1-10).
The exact pathogenesis of PMNS is not known. Some authors suggest obstruction of cerebral microvasculature by parasitized red blood cell inducing cerebral hypoxemia [1, 7] . Hsieh et al. [7] described brain single-photon emission computed tomography (SPECT) findings with markedly decreased radioactivity. However, this mechanism is questionable as obstruction of microvasculature does not seem plausible due to the potentially long delay between malaria episode and PMNS. Another postulated hypothesis is immune mediated based on a positive response to corticosteroid therapy in some patients, and lagging of onset of PMNS symptoms after resolution of malaria symptoms [4] . An increment of serum and CSF concentrations of inflammatory cytokines such as TNF-alpha, IL 2 and IL 6 has been described in some cases of delayed postmalaria cerebellar syndrome, which decreased following steroid therapy [24] . There is also some evidence of possible molecular mimicry, whereby antibodies to antigens expressed by certain strains of P. falciparum cross-react with antigens in the CNS [5] . However, a study by Siriez et al. [22] was unable to detect intrathecal IgG and specific P. falciparum antibodies in the CSF. Coinfection or reactivation of a viral infection capable of causing encephalitis CSF analysis was performed in all cases except two, which revealed lymphocytic pleocytosis in two-thirds of the patients with an elevated protein in one-third. MRI brain can be unremarkable or reveal some signal changes in various parts of brain. 10 out of 23 cases had abnormal MRI of brain. The abnormalities consisted of nonspecific findings with increased signal uptake in various regions of brain, including the periventricular areas, brain stem, thalamus, corona radiata, internal capsule, and cerebellum. In one case, there was inflammation of spinal cord along with brain stem and cerebellar peduncles while another patient had evidence of optic neuritis with cerebral edema [18, 23] . CT scans were normal in all cases in which MRI was abnormal.
PMNS usually does not require specific treatment. However, in severe cases steroids may help to hasten recovery [4, 7, 14] . Schnorf et al. observed two patients that continued to have worsening neurological symptoms until steroids were initiated, with rapid recovery [4] . Similarly, Hsieh et al. described persistent unsteadiness in their patient with PMNS for 2 weeks until the use of corticosteroids, which resulted in dramatic recovery. Overall in our literature review, 12 out of 48 were treated with steroids and all had rapid recovery within a few days of initiation of steroid therapy except two patients in which recovery was gradual. About half of the patients received oral prednisone initiated at 1 mg/kg/ day and tapered over 7-10 days while most of the remaining patients received IV methyl prednisolone for 3-5 days. The neurological signs and symptoms of PMNS in most of patients resolved within days to weeks.
In conclusion, PMNS is a rare complication of severe malaria that might be underreported. It can develop up to 2 months after clearance of parasitemia. Clinical features can be variable. Most cases are self-limited but more severe cases may benefit from steroid therapy. In patients with recent history of malaria that present with neuropsychiatric symptoms, PMNS should be strongly considered. 
